1947 SUMMARY 1. Reaction between egg albumin and sodium hypochlorite results in degradation of protein and reduction of hypochlorite accompanied by evolution of heat, all of which follow a similar course. There is no significant change after ten minutes.
Ever since the discovery of 2:3-dimercaptopropanol (British Anti-Lewisite, or BAL) as an arsenical detoxicant (Stocken & Thompson, 1940 , 1941 Peters, Stocken & Thompson, 1945) , its application as a possible antidote for compounds of other metalloids and metals had been envisaged in this laboratory, and a few experiments were tried at an early date. For various reasons it was not possible to report this work till 1945 when Whittaker (1945a) submitted an account of various aspects of the problem to the Ministry of Supply. Meanwhile, reports had appeared from America on the effects of BAL on the toxic actions of Bi, Hg, Cd, V and Se (Barron & Kalnitsky, 1944) , Cd (Sulzberger & Baer, 1944) and Sb (Calvery, Braun & Lusky, 1944) , and in this country on effects obtained with Zn (Bruner, 1945) .
From the earlier work with arsenic, theoretical considerations alone rendered it likely that antidotal effects should be obtained with antimony and also with divalent toxic metals such as copper or mercury. As evidence had been obtained, however, showing that a considerable proportion of cases of post-arsphenamine dermatitis responded clinically to a course of injections of BAL (Carleton, Peters, Stocken, Thompson, Williams, Storey, Levvy & Chance, 1946) it was decided to study first those metals whose compounds are used therapeutically. The work described here therefore deals only with antimony, gold and mercury, and chiefly with the organic compounds of these metals in use inmedicine at the present time.
Extension of this work to the treatment of the dermatitis that develops occasionally in patients receiving therapy with compounds of gold has already begun. As in the earlier work with arsenic, the initial experiments were designed to test the effect of BAL in counteracting the inhibition of the brain pyruvate oxidase system caused by the presence of compounds of these metals. All the metal compounds described below were found to inhibit this system much less than either lewisite or mapharside; consequently, the 'brain dispersion' preparation, used by Whittaker (1945 b) , in experiments with arsphenamine and neoarsphenamine, has been used for most of the experiments. In addition to enzyme work, rat survival experiments are now being carried out with tartar emetic.
EXPERIMENTAL
Two types of pyruvate oxidase preparation have been used: pigeon brain brei (Passmore, Peters & Sinclair, 1933) and pigeon brain dispersion (Banga, Ochoa & Peters, 1939) . Activity was determined by the Warburg technique in the presence of sodium pyruvate at pH 7-3 and 380, as described by Stocken, Thompson & Whittaker (1947 and 'stibacetin' (a compound containing pentavalent antimony, sodium p-acetylaminophenylstibonate). These three antimonials differ in their toxicity to the pyruvate oxidase dispersions, pentavalent antimony, like pentavalent arsenic, being very much less toxic than trivalent compounds. Thus, in Table 1 , stibacetin is seen to have less than one-tenth of the toxicity of stibophen, and less than a fortieth of the toxicity of tartar emetic. Table 1 also shows that BAL is able to protect the enzyme system from inhibition by tartar emetic or stibophen when present in a ratio of 6 mol. of BAL: 1 of antimonial. Molecular weights for stibophen and stibacetin were calculated from the formulae given by Fischl & Schlossberger (1934) . An attempt was made to detoxicate stibacetin, but owing to the relatively high concentrations of this compound required to inhibit the enzyme system, the concentrations of BAL needed to detoxicate were so great as to produce significant inhibitions themselves. Table 2 shows some reactivation experiments with tartar emetic. In these experiments readings were taken at the end of the first 5 min.; BAL was then tipped in from the side-bulbs and a further reading taken over the period 10-30 min. It will be seen that an appreciable amount of reactivation is obtained even under the very adverse conditions of these experiments in which the enzyme was poisoned for periods of up to 26 min. before the addition of BAL.
Tartar emetic is only about one-fourth as toxic to the brei as to the dispersion, a relation which was also found with the arsenicals (Stocken etal. 1947) . The correspondingly high concentrations of BAL which have thus to be used in experiments with the former preparation are themselves appreciably toxic and therefore render the results of the experiments difficult of interpretation. This is a trouble which was also encountered with the arsphenamines (Stocken et al. 1947) , and is illustrated in Table 3 . A few preliminary experiments have been carried out to determine whether injection of BAL can cause the survival of rats poisoned by intramuscular injection of lethal doses of tartar emetic; although evidence has been obtained that BAL exerts significant antidotal properties against antimony under these in vivo conditions, further work along these lines is in progress.
Gold. The gold compounds selected were gold chloride (the double salt AuCl3 . NaCl. 2H20), 'myocrisin' (sodium aurothiomalate, hemihydrate) and 1-aurothioglucose (as the double salt with sodium thioglucose).
The results of enzyme experiments with these compounds using the brain dispersion are shown in Table 4 . 
BAL AND COMPOUNDS OF ANTIMONY, GOLD AND MERCURY
It will be seen that BAL effectively detoxicates both gold chloride and myocrisin. In order to compare a monothiol with the dithiol protection afforded by BAL three experiments have been done using glutathione (Roche Products Ltd.). Although some protection is provided by glutathione it is less active than BAL in this respect.
It will be noted that myocrisin, in which the gold is already attached to a sulphur atom, possesses only approximately one-sixth the toxicity of gold chloride to the pyruvate oxidase system. Aurothioglucose, which possesses in addition to the sulphur combined with gold a molecule of sodium thioglucose, is even less toxic, ten times the concentration being required to produce the same enzyme inhibition as is produced by the presence of 1 mmmyocrisin. For this reason detoxication experiments were not carried out, owing to the high concentrations of BAL which would have been required.
Mercury. In view of the existing evidence that mercury combines with essential -SH groups in enzymes (Rapkine, 1931; Hellermann, 1937; Eagle, 1939; Fildes, 1940) it was of interest to investigate the effect of BAL on the toxicity ofmercuric chloride by means of the pigeon brain brei preparation. Fig. 1 shows the effect ofincreasing concentrations of mercuric chloride in this system, while in Table 5 are given the results of the protection experiments.
It will be seen that 6 molecular proportions of BAL are able to protect the enzyme system completely from the effects of 0-18 mM-mercuric chloride, a' concentration which produces approximately 50 % inhibition of the unprotected enzyme;
the presence of only 3 molecular equivalents is able to cause a very significant degree of protection.
Since Fildes (1940) does not appear to be so striking. On the evidence so far obtained with gold chloride, glutathione can cause some degree of protection, although it is much less effective than BAL when present in equivalent concentrations. Against mercury, on the other hand, it appears to be an efficient antidote, and Barron (1945) has claimed that it is partially able to reverse the toxic effect ofp-chloromercuribenzoic acid on the pyruvate oxidase system of gonococci. Although insufficient experiments have been carried out to explain the remarkable difference in the effectiveness of glutathione and of 2-mercaptoethanol against mercury inhibition, it is certain that there are many factors which influence the effectiveness of thiol antidotes, among them the relative I947 stability of the 'tissue acceptor' and antidotemercaptides, and the relative ease of penetration of inhibitor and antidote to the active centres.
The increased oxygen uptake of brain dispersions brought about by the presence of BAL has been observed before, and has been shown to be due to a true stimulation ofthe enzyme activity (Stocken et al. 1947) . SUMMARY The ability of 2:3-dimercaptopropanol (British AntiLewisite or 'BAL') to detoxicate compounds of antimony, gold and mercury has been demonstrated, using the pyruvate oxidase system of pigeon brain as a test system. 
